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TESTS   OF   OXYACETYLENE   WELDED   JOINTS   IN   STEEL 

PLATES 


1.  Introduction. — This  bulletin  gives  the  results  of  a  series  of 
tests  of  the  strength  of  oxyacetylene  welded  joints  in  mild  steel  plates. 
The  joints  were  welded  by  skilled  workmen  in  a  plant  especially 
equipped  for  oxyacetylene  welding. 

Bulletin  No.  45  of  the  University  of  Illinois  Engineering  Experi- 
ment Station,  "The  Strength  of  Oxyacetylene  Welds  in  Steel,"  by 
Herbert  L.  Whittemore,  gives  the  results  of  tests  of  strength  of  welds 
made  under  repair  shop  conditions ;  it  also  gives  a  detailed  discussion 
of  the  technique  of  welding  with  the  oxyacetylene  blow  torch. 

2.  Acknowledgment. — The  plates  were  furnished  by  the  Oxweld 
Acetylene  Company,  and  the  welding  was  done  by  them  at  their 
Chicago  plant.  The  tests  of  static  strength  of  welds  were  made  by 
Messrs.  G.  W.  Watts  and  E.  A.  Brown  of  the  class  of  1915  of  the 
College  of  Engineering  of  the  University  of  Illinois.  Messrs.  Brown 
and  Watts  also  acted  as  inspectors  during  the  welding  of  the  test 
plates.  Director  B.  W.  Benedict  of  the  University  of  Illinois  shop 
laboratories  cooperated  with  the  writer  in  the  general  planning  of 
the  tests.  The  tests  were  all  made  in  the  laboratory  of  applied 
mechanics  of  the  University  of  Illinois. 

3.  Tests  and  Test  Pieces. — Tests  were  made  under  three  con- 
ditions of  loading:  (a)  static  load  in  tension  (in  a  testing  machine), 
{b)  repeated  load  (bending),  and  (c)  impact  in  tension  (in  a  drop 
testing  machine). 

The  static  tension  tests  give  an  index  of  the  resistance  of  the 
welded  joint  to  loads  applied  only  a  few  times  and  without  heavy 
impact,  such  as  floor  loads  in  warehouses  and  the  dead  loads  on 
bridges.  The  repeated  stress  tests  give  an  indication  of  the  resisting 
power  of  the  welded  joint  to  loads  repeatedly  applied,  such  as  loads 
carried  by  springs  and  carriage  axles.  The  impact  tests  give  an 
index  of  the  ability  of  the  welded  joints  to  resist  sudden  heavy  shock 
without  complete  rupture.    High  resistance  to  rupture  under  impact 
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represents  insurance  against  the  sudden  and  complete  failure  of  a 
part  subjected  to  severe  bending  or  stretching,  rather  than  its  stress- 
carrying  ability.  High  resistance  to  rupture  under  impact  is  of 
importance  in  material  for  machine  parts  or  for  railway  service. 
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Fig.  1.    Plan  of  Welding  and  Cutting  Test  Plates  and  Panels 


The  plates  in  which  the  test  joints  were  made  were  of  steel  with  a 
carbon  content  of  about  0.16  per  cent.  The  following  thicknesses  of 
plate  were  used :  No.  10  gauge,  14  in->  %  in-?  SA  in->  an(^  1  in-  In  ^ 
eleven  plates  were  furnished,  three  %-m-  plates,  and  two  each  of  No. 
10  gauge,  i/i-in.,  %-in.,  and  1-in.  Fig.  1  shows  the  plan  of  welding 
and  cutting  a  test  plate  into  test  panels  for  varying  heat  treatment, 
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and  also  the  plan  of  cutting  these  test  panels  into  test  strips  to  form 
individual  test  pieees.  The  welding  of  the  test  panels  was  done  in 
the  presence  of  inspectors  from  the  University  of  Illinois,  and  these 
inspectors  stamped  each  test  strip  with  an  identifying  mark  before 
it  was  cut  from  the  test  panel.  The  approximate  speeds  of  welding 
for  the  various  thicknesses  of  plate  were  as  follows:     No.  10  gauge, 


PARALLEL 
"ABOUT      9" 


4 


^~ 


*r 


^_ 


ABOUT       II 


Fig.  2.     Tension  Specimen 
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Fig.  3.     Specimens  for  Eepeated  Stress  Tests 


0.51  in.  per  min. ;  %-in.  plate,  0.29  in.  per  min. ;  %-in.  plate,  0.22  in. 
per  min. ;  %-in.  plate,  0.13  in.  per  min. ;  1-in.  plate,  0.11  in.  per  min. 

The  shape  and  size  of  the  various  test  pieces  cut  from  the  test 
strip  are  shown  in  Figs.  2,  3,  and  4.  Fig.  2  shows  the  static  tension 
test  pieces,  Fig.  3  shows  the  test  pieces  for  the  repeated  stress  tests, 
and  Fig.  4  shows  the  test  pieces  for  impact  tests. 

Nearly  all  tests  were  run  in  triplicate.  There  were  104  tension 
test  specimens,  106  repeated  stress  specimens,  and  58  impact  speci- 
mens tested. 
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4.  Apparatus. — The  tension  tests  for  static  strength  were  made 
in  a  100,000-lb.  Riehle  testing  machine  fitted  with  an  autographic 
apparatus  for  drawing  load-stretch  diagrams.  This  apparatus  was 
not  of  sufficient  delicacy  to  permit  the  measurement  of  small  elastic 
stretches,  but  did  measure  the  comparatively  large  plastic  stretches 
beyond  the  yield  point,  and  did  permit  a  good  determination  of  the 
yield  point  to  be  made.  The  location  of  the  yield  point  is  plainly 
shown  by  the  "knee"  of  the  load-stretch  diagram.  Fig.  5  shows 
typical  diagrams  for  static  tests. 


I- 


Fig.  4.     Specimens  for  Impact  Tests 


The  repeated  stress  tests  were  made  in  an  Upton-Lewis  endurance 
testing  machine.  Fig.  8  shows  this  machine.  A  crank  C,  with 
adjustable  throw  is  driven  by  a  motor  or  other  source  of  power,  and 
actuates  a  connecting  rod,  D,  which,  in  turn,  causes  one  end  of  the 
specimen,  Sp,  to  vibrate  back  and  forth.  The  specimen  is  held  in  a 
vise,  V,  which  is  pivoted  at  0;  the  swing  of  the  vise  round  this  pivot 
is  resisted  by  the  calibrated  springs,  8.  These  springs  set  up  bending 
stress  in  the  specimen.  The  bending  moment  is  proportional  to  the 
width  of  the  diagram  drawn  by  the  pencil,  R.     The  pencil,  E,  draws 
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a  diagram  on  a  strip  of  paper  which  is  moved  a  very  short  distance 
for  each  revolution  of  the  crank,  C.  Fig.  9  shows  a  typical  diagram 
from  the  machine.  The  width  of  each  diagram  is  a  measure  of  the 
bending  stress  in  the  specimen,  and  the  length  of  each  diagram  is  a 
measure  of  the  number  of  repetitions  of  bending  stress  required  to 
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Fig.  5.     Typical   Tension   Test   Diagrams 


cause  failure.  At  a  in  Fig.  9  the  specimen  commenced  to  fail :  a  crack 
appeared  in  the  outer  fibres  and  progressed  rapidly  across  the  speci- 
men. The  length,  ba,  is  taken  as  a  measure  of  the  number  of  repeti- 
tions required  to  cause  failure. 

Fig.  6  shows  in  diagram  the  Hatt-Turner  drop  testing  machine 
used  for  the  impact  tests.  The  weight,  W,  is  let  fall  from  a  prede- 
termined position  (shown  by  the  broken  line),  and  as  it  falls,  a  pencil 
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attached  to  it  draws  a  diagram  on  the  rotating  drum,  D.  For  free 
fall  this  diagram  is  a  parabola  as  shown  in  the  upper  part  of  Fig.  7, 
which  is  a  typical  test  diagram.  In  the  position  shown  in  Fig.  6, 
(by  the  solid  lines),  the  falling  weight  strikes  the  bars,  BB,  and 
through  them  and  the  crosshead,  C,  tensile  stress  is  set  up  in  the  test 
piece,  Sp,  sufficient  to  cause  rupture.  0  in  Fig.  7  corresponds  to  the 
location  of  the  weight  when  striking  the  bars,  BB,  (Fig.  6)  and  the 
lower  part  of  Fig.  7  shows  the  free  fall  after  the  specimen  is  rup- 
tured. In  rupturing  the  specimen  kinetic  energy  is  taken  from  the 
falling  weight  and  its  speed  is  reduced;  after  breaking  the  specimen 
another  free  fall  takes  place.  Ordinates  in  Fig.  7  represent  distance, 
and,  since  the  drum  revolves  uniformly,  abscissas  represent  time; 
hence,  the  slope  of  the  diagram  of  Fig.  7  at  any  point  gives  a  measure 
of  the  velocity  of  the  falling  weight  at  that  point.  The  amount  of 
energy  absorbed  in  breaking  the  specimen  can  be  determined  if  the 
velocities  at  two  points  in  the  fall,  one  before  the  weight  stresses  the 
specimen  and  one  after  rupture,  are  determined.  In  Fig.  7  let  the 
first  point  be  chosen  at  a  and  the  second  at  b,  and  let  the  vertical 
distance  from  a  to  b  be  denoted  by  h.  The  velocity  of  the  falling 
weight  at  a  is  given  by  the  slope  of  the  diagram  at  a;  call  this  veloc- 
ity Ta.  Similarly  determine  vh,  the  velocity  at  b.  The  kinetic  energy 
of  the  falling  weight  is 

1    W 

—   —  y  2 

2r  a 
9 

in  which  W  is  the  weight  of  the  falling  weight,  and  g  is  the  acceler- 
ation due  to  gravity  (32.2  ft.  per  sec.  per  sec).  If  the  weight  had 
fallen  freely  to  b,  the  kinetic  energy  at  b  would  have  been 

1  W 

2  V  V»2  +  Wh> 

but  the  velocity  at  b  is  actually  vh,  and  the  kinetic  energy  in  the  fall- 
ing weight  at  b  is 

1  W 

2  g 

The  energy  which  has  been  absorbed  in  breaking  the  test  specimen  is 
then 
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Fig.  6.     Diagram  of  Hatt-Turner  Impact  Testing  Machine 
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VERTICAL  POSITION 

OF  FALLING         WEIGHT 


Fig.  7.    Typical  Diagram  from  Hatt-Turner  Impact 
Testing  Machine 
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Ill  this  discussion,  friction  of  the  guides  for  the  falling  weight  is 
neglected,  as  is  the  energy  absorbed  in  vibrations  of  bars,  and  cross- 
heads,  but  these  losses  are  not  large,  and  since  only  a  comparative  test 
between  welded  and  unwelded  specimens  is  desired,  the  described 
method  yields  results  sufficiently  accurate. 

5.  Data  and  Results  of  Tests. — The  prime  object  of  these  tests 
is  to  furnish  a  comparison  of  the  strength  of  oxyacetylene  welds  in 
mild  steel  plates  with  the  strength  of  the  original  plate.  This  ratio 
of  strength  will  be  called  the  efficiency  of  a  joint.  The  efficiency  of 
a  joint  may  be  computed  by  either  of  two  methods: 

(a)  The  strength  of  a  test  piece  containing  a  welded  joint  is  com- 
pared with  the  strength  of  a  test  piece  of  equal  width  cut  from  the 
original  plate,  with  no  allowance  made  for  the  additional  thickness 
of  the  welded  test  piece  due  to  the  addition  of  filler  material,  or  (b) 
the  intensity  of  stress  at  yield  point  or  rupture  for  joints  and  for  plate 
material  may  be  computed  from  the  load  and  the  dimensions  of  the 
cross  section.  The  efficiency  given  by  the  first  method  will  be  called 
the  joint  efficiency  and  the  efficiency  given  by  the  second  method  will 
be  called  the  efficiency  of  the  material  in  the  joint.  In  general,  joint 
efficiency  is  of  more  direct  practical  interest  than  is  the  efficiency  of 
the  material  in  the  joint. 

In  tests  for  static  strength  and  for  strength  under  repeated  stress 
both  the  values  for  joint  efficiency  and  for  efficiency  of  the  material 
are  given  when  it  is  possible.  (Efficiency  of  material  cannot  be  given 
if  rupture  occurs  outside  the  weld.)  In  the  impact  tests  the  quantity 
measured  was  energy  (measured  in  inch-pounds)  rather  than  inten- 
sity of  stress  (measured  in  pounds  per  square  inch),  and  only  the 
joint  efficiency  was  determined. 

In  connection  with  the  discussion  of  efficiency  it  should  be  noted 
that  the  breaking  of  a  test  piece  outside  the  weld  does  not  necessarily 
mean  that  the  efficiency  of  the  joint  is  100  per  cent  or  more.  The 
excessive  heat  involved  in  making  an  oxyacetylene  weld  may  act  to 
weaken  the  material  near  the  joint  so  that  the  strength  of  the  original 
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piece  is  lessened  and  the  failure  will  take  place  outside  the  welded 
joint. 

The  general  results  of  the  tests  are  given  in  Tables  1,  3,  and  4. 
For  the  static  tension  tests  and  the  impact  tests,  there  are  given  for 
each  thickness  of  plate:  first,  the  results  for  the  original  material; 
and  second,  the  results  for  the  welded  specimens  expressed  in  terms 
of  percentage  of  strength  of  the  original  material.  The  method  of 
obtaining  comparative  results  for  the  static  tests  and  for  the  impact 
tests  needs  no  explanation. 

The  method  of  obtaining  comparative  results  for  the  repeated 
stress  tests  is  somewhat  complicated  and  will  be  given  in  detail.  Table 
2  gives  the  direct  results  of  the  repeated  stress  tests,  the  nominal 
stresses  given  in  that  table  being  the  computed  stress  based  on  the 
thickness  of  the  original  plate.  The  actual  stresses  are  based  on 
the  dimensions  of  the  cross-section  of  the  specimen  at  rupture. 

It  has  been  found*  that  for  the  range  covered  by  these  tests  the 
relation  between  the  computed  fiber  stress,  8,  in  a  specimen,  and 
the  number  of  repetitions,  iV,  necessary  to  cause  failure,  may  be 
represented  with  a  good  degree  of  accuracy  by  an  equation  of  the  form 

B 

S  =  —  or  log  S  =  log  B  —  q  log  N 

in  which  B  and  iVq  are  experimentally  determined  constants.  Plotted 
on  logarithmic  paper  the  graph  of  this  equation  is  a  straight  line. 
The  results  of  the  repeated  stress  tests  of  oxy acetylene  welded  joints, 
when  plotted  on  logarithmic  paper,  fell  fairly  closely  along  straight 
lines. 

The  test  results  for  the  specimens  from  each  test  panel  were 
plotted  on  logarithmic  paper  and  a  straight  line  drawn  to  fit  these 
results  as  closely  as  possible.  The  slopes  of  the  lines  for  the  results  of 
all  test  strips  were  then  averaged  and  for  each  test  panel  a  line  with 
the  average  slope  was  drawn  according  to  the  test  results. 

By  means  of  this  line  with  the  average  slope,  the  nominal  stress, 
S,  corresponding  to  failure  at  one  thousand  repetitions,  was  deter- 
mined for  each  test  panel  and  taken  as  an  index  of  strength  under 


*Basquin,  "The  Exponential  Law  of  Repeated  Stress,"  Proc.  A.  S.  T.  M.,  1910 ; 
Moore  and  Seely,  "Failure  of  Materials  under  Repeated  Stress,"  Proc.  A.  S.  T.  M., 
1915  ;  "Constants  and  Formulas  for  Repeated  Stress  Calculations,"  Proc.  A.  S.  T.  M., 
1916. 
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Table  1 

Tension  Tests  of  Oxyacetylene  Welded  Joints  in  Steel  Plates 
All  Values  for  Efficiency  are  given  in  Per  Cent 


I.     Properties  of  the  Material  in  the  Plates  (Specimens  1,  3,  and  20) 


Thickness  of  Plate  . 
Yield  Point  (lb.  per  sq.  in.) 
Ultimate  (lb.  per  sq.  in.)    . 
Elongation  in  8  in.  (per  cent) 


No.  10  Gauge 
30  800 
47  000 
10.0 


M  Inch 
38  600 
55  400 

28.2 


]/2  Inch 
33  600 
57  100 
27.5 


1  Inch 
33  600 
57  700 
31.6 


II.     Efficiency  of  the  Joint  Based  on  Yield  Point 


Material  of  plate,  annealed  from  800  degrees  C. 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C. 

Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint    welded,    hammered    while    hot,    annealed    from 
800  degrees  C 


82 
140 
107 
101 
128 

106 


87 

89 

103 

100 

84 

92 

90 

92 

109 

101 

80 

95 

90 
97 
81 
78 
104 

94 


III.     Efficiency  of  the  Material  in  the  Joint  Based  on  Yield  Point 


Material  of  plate,  annealed  from  800  degrees  C. 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C.        .      .      . 
Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint   welded,    hammered    while    hot,    annealed    from 
800  degrees  C 


82 


87 

89 

81 

81 

86 

87 

86 

90 
87 
74 
76 
98 

84 


IV.     Efficiency  of  Joint  Based  on  the  Ultimate 


Material  of  plate,  annealed  from  800  degrees  C. 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C.        ... 
Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint    welded,    hammered    while    hot,    annealed    from 
800  degrees  C 


91 
114 
104 
103 
128 

106 


96 

92 

101 

97 

87 

87 

95 

83 

101 

92 

83 

89 

89 
79 
72 
79 


82 


V.     Efficiency  of  the  Material  in  the  Joint  Based  on  the  Ultimate 


Material  of  plate,  annealed  from  800  degrees  C. 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C.        .      .      . 
Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint  welded,  hammered    while    hot,    annealed    from 
800  degrees  C 


91 


96 

92 

73* 

77 

75 

78 

77 

76 

89 
71 
65 
76 
80 

74 


*  Each  value  is  the  average  result  from  three  tests  except  the  value  starred,  which  is  the  average 
result  of  two  tests. 


Table  2 

Repeated  Stress  Tests  of  Oxyacetylene  Welded  Joints  in  Steel  Plates 

The  Repeated  Stress  Tests  were  made  in  an  Upton-Lewis  Endurance 
Testing  Machine  with  a  Speed  of  250  r.p.m. 


1 

Thick- 
ness of 
Plate, 

Computed 

Thick- 

Computed 

Speci- 
men 

Fiber  Stress 
Lb.  per  Sq.  In. 

Repetitions 
before 
Failure 

Speci- 
men 

ness  of 
Plate, 

Fiber  Stress 
Lb.  per  Sq.  In. 

Repetitions 
before 
Failure 

Inches  _ 

Nominal 

Actual 

Inches  ,T 

Nominal 

Actual 

Joint 

No.  10 

46  500 

39  300 

3  940 

Material 

No.  10 

45  000 

44  200 

13  200 

Welded, 

Gauge 

35  500 

32  000 

29  400 

in 

Gauge 

25  100 

25  700 

65  600 

An- 

40 500 

31  600 

4  100 

Plate 

30  600 

29  100 

11  400 

nealed 

55  600 

56  600 

3  200 

from 

M 

44  200 

37  800 

11  700 

32  400 

32  600 

33  800 

800 

36  600 

32  200 

78  500 

29  400 

28  300 

35  600 

degrees 
C. 

60  300 

51  700 

1  750 

M 

42  600 

47  000 

3  470 

XA 

50  600 

34  900 

2  250 

58  200 

59  000 

4  120 

33  700 

28  700 

21  800 

42  200 

40  600 

9  200 

58  100 

42  100 

800 

35  100 

34  300 

62  900 

% 

49  700 

43  200 

800 

H 

58  800 
36  000 

52  200 
32  100 

1  000 
34  000 

l 

37  400 
44  000 

33  100 
40  000 

2  550 
5  350 

% 

42  300 

40  500 

9  200 

34  600 

30  100 

10  600 

33  400 

32  100 

88  000 

26  100 

23  700 

13  800 

48  400 

47  000 

4  800 

Joint 

No.  10 

26  100 

21  800 

157  500 

l 

37  400 

38  100 

7  000 

Welded, 

Gauge 

34  600 

33  500 

9  500 

26  100 

26  100 

64  700 

quench- 

38 300 

37  700 

6  300 

36  800 

32  700 

15  600 

ed, 

An- 

XA 

55  100 

48  300 

750 

Material 

No.  10 

29  400 

28  300 

15  900 

nealed 

32  400 

24  200 

13  600 

in 

Gauge 

29  000 

28  200 

34  800 

from 

39  100 

35  800 

34  000 

Plate 

32  500 

35  300 

3  850 

800 

46  800 

46  000 

6  250 

An- 

26 200 

26  200 

75  500 

degrees 

nealed 

C. 

Vl 

52  400 

38  700 

1  550 

from 

% 

30  100 

28  300 

72  500 

33  300 

26  700 

32  500 

800 

50  900 

47  800 

2  470 

35  700 

24  900 

61  000 

degrees 

47  600 

46  100 

1  640 

C. 

Vi 

31  800 
45  700 

30  800 
40  600 

48  600 
2  800 

% 

42  200 
50  900 

34  700 
42  500 

3  250 
950 

29  300 

29  700 

25  600 

1 

44  100 

39  700 

2  850 

50  800 

51  300 

680 

36  500 

32  900 

6  800 

39  700 

39  300 

3  770 

25  000 

23  400 

19  200 

% 

33  000 

31  700 

88  000 

Joint 

No.  10 

60  800 

58  400 

5  570 

34  400 

28  700 

19  400 

Welded, 

Gauge 

48  700 

44  250 

11  400 

57  600 

48  200 

700 

Ham- 
mered 

38  400 

36  300 

76  500 

1 

37  400 

38  100 

7  000 

while 

M 

59  300 

60  200 

1  100 

26  100 

26  100 

64  700 

hot 

40  700 

38  800 

10  000 

36  800 

37  200 

15  600 

62  800 

32  600 

107  500 

Joint 

No.  10 

51  000 

48  800 

4  100 

% 

36  800 

29  600 

23  500 

Welded, 

Gauge 

29  400 

27  800 

38  300 

no 

32  100 

28  700 

156  500 

1 

48  300 

43  900 

2  250 

sub- 

38 100 

34  600 

15  800 

sequent 

H 

70  000 

61  800 

2  730 

27  200 

25  200 

45  600 

treat- 

50 800 

58  500 

2  790 

ment 

33  100 

26  750 

239  000 

Joint 

No.  10 

46  500 

38  700 

5  000 

52  000 

48  200 

13  500 

Welded, 
Ham- 

Gauge 

20  800 

16  500 

334  000 

V2 

36  200 

30  900 

22  800 

mered 

u 

55  200 

52  200 

1  400 

44  000 

35  500 

13  200 

while 

32  800 

25  100 

84  000 

67  300 

48  500 

700 

hot, 
An- 
nealed 

37  500 

34  900 

12  600 

% 

34  400 

28  700 

19  400 

V<L 

36  400 

26  800 

52  000 

57  600 

48  200 

700 

from 

55  300 

42  300 

2  000 

800 

42  200 

32  400 

7  500 

1 

45  000 

40  300 

1  400 

degrees 

38  000 

34  900 

7  500 

C. 

% 

42  100 

36  400 

6  500 

27  800 

25  300 

47  400 

* 

1 

36  400 

43  700 
34  200 
28  500 

32  200 

39  800 
32  600 
26  900 

6  500 

3  550 
11  400 
16  900 

Fig.  8.     Upton-Lewis  Machine 


Specimen  from  1"  plate;  welded,  hammered  hot,  unnealed  from  800°C 

a 


t 


STRESS 


AV.  STRESS 


i 


->.     NUMBER  OF   REPETITIONS 


Fig.  9.     Typical  Diagram  from  Upton-Lewis  Machine 
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Table  3 

Summary  of  Results  of  Repeated  Stress  Tests  of  Oxyacetylene  Welded 

Joints  in  Steel  Plates 

All  Efficiencies  are  given  in  Per  Cent 
I.    Efficiency  of  the  Joints 


Thickness  of  plate 

Material  in  plate 

Material  in  plate,  annealed  from  800  degrees  C. 
Joint  welded,  no  subsequent  treatment  .... 
Joint  welded,  annealed  from  800  degrees  C. 
Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint  welded,  hammered  while  hot,  annealed  from 
800  degrees  C 


No.  10 

l<i  inch 

y?,  inch 

%  inch 

gauge 

100 

100  • 

100 

100 

75 

91 

84 

100 

100 

125 

102 

88 

94 

110 

93 

74 

90 

95 

94 

84 

121 

102 

117 

106 

85 

97 

102 

90 

1  inch 

100 
94 
96 
94 
86 
98 

92 


II.    Efficiency  of  the  Material  in  the  Joints 


Thickness  of  plate 

Material  in  plate 

Material  in  plate,  annealed  from  800  degrees  C. 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C. 

Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint  welded,  hammered  while  hot,  annealed  from 
800  degrees  C 


No.  10 

}4,  inch 

Y2  inch 

%  inch 

gauge 

100 

100 

100 

100 

82 

86 

90 

100 

98 

108 

92 

76 

87 

94 

80 

70 

84 

82 

81 

71 

122 

97 

98 

86 

76 

85 

85 

84 

1  inch 

100 
94 
86 
85 
79 
89 

86 


Table  4 

Result  of  Impact  Tension  Tests  of  Oxyacetylene  Welded  Joints  in 

Steel  Plates 

All  Efficiencies  are  given  in  Per  Cent 
I.  Properties  of  Material  in  Plate 


Thickness  of  plate 

Energy  required  to  cause  rupture  of  specimen*  (foot  pounds) 


1  Inch 
1215 


II.    Efficiency  of  the  Joints 


Thickness  of  plate 

Material  in  plate,  annealed  from  800  degrees  C 

Joint  welded,  no  subsequent  treatment 

Joint  welded,  annealed  from  800  degrees  C 

Joint  welded,  quenched,  annealed  from  800  degrees  C. 

Joint  welded,  hammered  while  hot 

Joint  welded,  hammered  while  hot,  annealed  from  800  degrees  C. 


Inch 

MIn 

97 

93 

64 

37 

66 

37 

88 

44 

89 

48 

72 

41 

Inch 

89 

53 

35 

32 

58 

53 


*  See  Fig.  4. 

t  Estimated  from  tests  of  annealed  joints. 
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repeated  stress.  Any  number  of  repetitions  could  have  been  chosen 
as  the  index  number;  one  thousand  was  convenient.  The  stress,  $p, 
corresponding  to  failure  at  one  thousand  repetitions,  was  determined 
for  the  plate  material,  and  the  ratio  S:SP  was  taken  as  the  efficiency 
of  the  test  joint.  If  S  was  computed  on  the  basis  of  nominal  dimen- 
sions of  cross-section,  S  :SV  gives  the  joint  efficiency  under  repeated 
stress.  If  S  was  computed  on  the  basis  of  actual  dimensions  of  cross 
section,  S  :#p  gives  the  efficiency  of  the  material  under  repeated  stress. 

6.  Summary. — A  few  general  comments  on  the  test  results  are 
given  in  conclusion. 

These  tests  were  made  on  joints  welded  by  skilled  workmen  in 
a  shop  especially  fitted  for  oxyacetylene  welding.  They  should  not 
be  considered  as  indicative  of  the  strength  of  welds  made  in  repair 
shops,  or  of  welds  made  by  workmen  without  special  training  in  the 
use  of  the  oxyacetylene  torch. 

For  joints  made  with  no  subsequent  treatment  after  welding, 
the  joint  efficiency  for  static  tension  was  found  to  be  about  100  per 
cent  for  plates  %  in.  thickness  or  less,  and  to  decrease  for  thicker 
plates. 

For  static  tension  tests  the  efficiency  of  the  material  in  the  joints 
welded  with  no  subsequent  treatment  is  not  greater  than  75  per  cent.* 
The  joints  were  strengthened  by  working  the  metal  after  welding 
and  were  weakened  by  annealing  at  800  degrees  C. 

The  results  of  the  repeated  stress  tests  give  an  index  of  the 
endurance  qualities  of  the  joints,  and  they  follow  in  a  general  way 
the  results  of  the  static  tests. 

For  repeated  stress  tests  the  joint  efficiency  seems  to  be  about 
100  per  cent  for  plates  %  in.  or  less  in  thickness,  while  the  efficiency 
of  the  material  in  the  joint  is  somewhat  less.  Hammering  or  draw- 
ing the  weld  while  hot  increases  the  strength,  and  annealing  from 
800  degrees  C.  lowers  it. 

For  static  tests  and  for  repeated  stress  tests,  the  joint  efficiency 
sometimes  reaches  100  per  cent ;  the  efficiency  of  the  material  in  the 
joint  is  always  less.  This  indicates  the  necessity  of  building  up  the 
weld  to  a  thickness  greater  than  that  of  the  plate. 


♦Bulletin  45  of  the  Engineering  Experiment  Station  of  the  University  of  Illinois, 
by  H.  L.  Whittemove.  showed  efficiencies  of  material  in  the  joints  of  75-85  per  cent 
after  the  operator  had  become  proficient. 
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The  impact,  tests  show  that  oxyacetylene  welded  joints  are 
decidedly  weaker  under  shock  than  is  the  original  material;  for  joints 
welded  with  no  subsequent  treatment,  the  strength  under  impact 
seems  to  be  about  half  that  of  the  material. 

It'  the  welded  joint  is  worked  while  hot  the  impact-resisting  quali- 
t  its  are  slightly  improved,  though  this  does  not  make  the  joint  equal  to 
the  original  material  in  impact-resisting  qualities.  Annealing  from 
800  degrees  C.  seems  to  have  very  little  effect  on  the  impact-resisting 
qualities. 

In  general,  the  test  results  tend  to  increase  confidence  in  the 
static  strength  and  in  the  strength  under  repeated  stress  of  carefully 
made  oxyacetylene  welded  joints  in  mild  steel  plates. 
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Bulletin  No.  37.     Unit  Coal  and  the  Composition  of  Coal  Ash,  by  S.  W.  Parr  and  W.  F.  Wheeler. 
1909.      Thirty-five  cents. 

"Bulletin  No.  38.  The  Weathering  of  Coal,  by  S.  W.  Parr  and  W.  F.  Wheeler.     1909.      Twenty- 
five  cents. 

"Bulletin  No.  39.  Tests  of  Washed  Grades  of  Illinois  Coal,  by  C.  S.  McGovney.     1909.     Seventy- 
five  cents. 

Bulletin  No.  40.  A  Study  in  Heat  Transmission,  by  J.  K.  Clement  and  C.  M.  Garland.     1910. 
Ten  cents. 

Bulletin  No.  41.  Tests  of  Timber  Beams,  by  Arthur  N.  Talbot.     1910.     Twenty  cents. 

"Bulletin  No.  42.  The  Effect  of  Key  ways  on  the  Strength  of  Shafts,  by  Herbert  F.  Moore.     1910. 

Ten  cents. 

Bulletin  No.  43.  Freight  Train  Resistance,  by  Edward  C.  Schmidt.     1910.     Seventy-five  cents. 

Bulletin  No.  44-  An  Investigation  of  Built-up  Columns  Under  Load,  by  Arthur  N.  Talbot  and 
Herbert  F.  Moore.      1911.      Thirty-five  cents. 

"Bulletin  No.  45.  The  Strength  of  Oxyacetylene  Welds  in  Steel,  by  Herbert  L.  Whitemore.     1911. 
Thirty-five  cents. 

"Bulletin  No.  46.  The  Spontaneous  Combustion  of  Coal,  by  S.  W.  Parr  and  F.  W.  Kressman. 
1911.     Forty-five  cents. 

"Bulletin  No.  47.  Magnetic  Properties  of  Heusler  Alloys,  by  Edward  B.  Stephenson,  1911.     Twen- 
ty-five cents. 

"Bulletin  No.  48.  Resistance  to  Flow  Through  Locomotive  Water  Columns,  by  Arthur  N.  Talbot 
and  Melvin  L.  Enger.      1911.     Forty  cents. 

"Bulletin  No.  49.  Tests  of  Nickel-Steel  Riveted  Joints,  by  Arthur  N.  Talbot  and  Herbert  F.  Moore. 
1911.      Thirty  cents. 

"Bulletin  No.  50.  Tests  of  a  Suction  Gas  Producer,  by  C.  M.  Garland  and  A.  P.  Kratz.     1912. 
Fifty  cents. 

Bulletin  No.  51.  Street  Lighting,  by  J.  M.  Bryant  and  H.  G.  Hake.     1912.     Thirty-five  cents. 

"Bulletin  No.  62.  An  Investigation  of  the  Strength  of  Rolled  Zinc,  by  Herbert  F.  Moore.     1912. 
Fifteen  cents. 

"Bulletin  No.  53.  Inductance  of  Coils,  by  Morgan  Brooks  and  H.  M.  Turner.     1912.     Forty  cents. 

"Bulletin  No.  54-  Mechanical  Stresses  in  Transmission  Lines,  by  A.  Guell.     1912.     Twenty  cents. 

"Bulletin  No.  55.  Starting  Currents  of  Transformers,  with  Special  Reference  to  Transformers  with 
Silicon  Steel  Cores,  by  Trygve  D.  Yensen.     1912.     Twenty  cents. 

"Bulletin  No.  56.  Tests  of  Columns:     An  Investigation  of  the  Value  of  Concrete  as  Reinforcement 
for  Structural  Steel  Columns,  by  Arthur  N.  Talbot  and  Arthur  R.  Lord.      1912.      Twenty-five  cents. 

"Bulletin  No.  57.  Superheated  Steam  in  Locomotive  Service.     A  Review  of  Publication  No.  127 
of  the  Carnegie  Institution  of  Washington,  by  W.  F.  M.  Goss.      1912.     Forty  cents. 
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^Bulletin  No    \B     \    \'^    \n.il\sis  of  the  Cylinder  Performance  <>f  Reciprocating  Engines,  by 
J.  I'm ui  Clayton      1912.     Sixty  cents. 

*Bulletin  \»  69    The  Effort  of  Cold  Weather  Upon  Train  Resistance  and  Tonnage  Rating,  by 

Edward  ('.  Schini.il   und   F    H     Marquis.      1912,     Twenty  cents. 

*Bullei      \      ■        riir  Coking  of  Coal  at  Low  Temperatures,  with  a   Preliminary  Study  of  the 
Bj  -Products,  I'.s  S    W     Parr  and  H.  L.  Olin.     L912.     Twenty-five  cents. 

*Bulletin  Xo.tti.  Characteristics  and  Limitation  of  the  Series  Transformer,  by  A.  R.  Anderson 
and  11    R,  Woodrow.     1913.     Twenty-five  cents. 

Bulletin  No  88.  The  Electron  Theory  of  Magnetism,  by  Elmer  II.  Williams.     1913.     Thirty-five 
cents. 

Bulletin  No  68.   Entropy-Temperature  and  Transmission  Diagrams  for  Air,  by  C.  R.  Richards. 
1913.     Twenty-five  cents. 

*Bulletin  No.  <>'',.  Tests  of  Reinforced  Concrete  Buildings  Under  Load,  by  Arthur  N.  Talbot  and 
Willis  A    Slater.      1913.      Fifty  nuts. 

*  Bulletin  No.  65.  The  Steam  Consumption  of  Locomotive  Engines  from  the  Indicator  Diagrams, 
by  J.  Paul  Clayton.     1913.     Forty  cents. 

Bulletin  No.  66.  The  Properties  of  Saturated  and  Superheated  Ammonia  Vapor,  by  G.  A.  Good- 
enough  and  William  Earl  Mosher.     1913.     Fifty  cents. 

Bulletin  No.  67.  Reinforced  Concrete  Wall  Footings  and  Column  Footings,  by  Arthur  N.  Talbot. 

1913.  Fifty  cents. 

*Bulletin  No.  68.  Strength  of  I-Beams  in  Flexure,  by  Herbert  F.  Moore.     1913.     Twenty  cents. 

Bulletin  No.  69.  Coal  Washing  in  Illinois,  by  F.   C.   Lincoln.      1913.      Fifty  cents. 

Bulletin  No.  70.  The  Mortar-Making  Qualities  of  Illinois  Sands,  by  C.  C.  Wiley.     1913.     Twenty 
cents. 

Bulletin  No.  71.  Tests  of  Bond  between  Concrete  and  Steel,  by  Duff  A.  Abrams.     1914.     One 
dollar. 

*  Bulletin  No.  72.   Magnetic  and  Other  Properties  of  Electrolytic  Iron  Melted  in  Vacuo,  by,  Trygve 
D.  Yensen.      1914.      Forty  cents. 

Bulletin  No.  73.  Acoustics  of  Auditoriums,  by  F.  R.  Watson.     1914.      Twenty  cents. 

^Bulletin  No.  74.  The  Tractive  Resistance  of  a  28-Ton  Electric  Car,  by  Harold  H.  Dunn.     1914. 
Twenty-five  cents. 

Bulletin  No.  75.  Thermal  Properties  of  Steam,  by  G.  A.  Goodenough.     1914.     Thirty-five  cents. 

Bulletin  No.  76.  The  Analysis  of  Coal  with  Phenol  as  a  Solvent,  by  S.  W.  Parr  and  H.  F.  Hadley. 

1914.  Twenty-five  cents. 

*Bulletin  No.  77.  The  Effect  of  Boron  upon  the  Magnetic  and  Other  Properties  of  Electrolytic 
Iron  Melted  in  Vacuo,  by  Trygve  D.  Yensen.      1915.      Ten  cents. 

*Bulletin  No.  78.  A  Study  of  Boiler  Losses,  by  A.  P.  Kratz.      1915.      Thirty-five  cents. 

*Bulletin  No.  79.  The  Coking  of  Coal  at  Low  Temperatures,  with  Special  Reference  to  the  Prop- 
erties and  Composition  of  the  Products,  by  S.  W.  Parr  and  H.  L.  Olin.      1915.      Twenty-five  cents. 

*Bulletin  No.  80.  Wind  Stresses  in  the  Steel  Frames  of  Office  Buildings,  by  W.  M.  Wilson  and 
G.  A.  Maney.      1915.      Fifty  cents. 

^Bulletin  No.  81.  Influence  of  Temperature  on  the  Strength  of  Concrete,  by  A    B.  McDaniel. 

1915.  Fifteen  cents. 

Bulletin  No.  82.  Laboratory  Tests  of  a  Consolidation  Locomotive,  by  E.  C.  Schmidt,  J.  M.  Snod- 
grass  and  R.  B.  Keller.      1915.     Sixty-five  cents. 

*Bulletin  No.  83.  Magnetic  and  Other  Properties  of   Iron-Silicon  Alloys.    Melted  in   Vacuo,   by 
Trygve  D.  Yensen.      1915.      Thirty-five  cents. 

Bulletin  No.  84.  Tests  of  Reinforced  Concrete  Flat  Slab  Structure,  by  A.  N.  Talbot  and  W.  A. 
Slater.      1916.     Sixty-five  cents. 

*Bulletin  No.  85.  Strength  and  Stiffness  of  Steel  Under  Biaxial  Loading,  by  A.  T.  Becker.     1916. 
Thirty-five  cents. 

^Bulletin  No.  86.  The  Strength  of  I-Beams  and  Girders,  by  Herbert  F.  Moore  and  W.  M.  Wilson. 

1916.  Thirty  cents. 

*Bulletin  No.  87.  Correction  of  Echoes  in  the  Auditorium,  University  of  Illinois,  by  F.  R.  Watson 
and  J.  M.  White.     1916.     Fifteen  cents. 

Bulletin  No.  88.  Dry  Preparation  of  Bituminous  Coal  at  Illinois  Mines,  by  E.  A.  Holbrook.     1916. 
Seventy  cents. 
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*Bulletin  No.  89.  Specific  Gravity  Studies  of  Illinois  Coal,  by  Merle  L.  Nebel.     1916.     Thirty 
cents. 

^Bulletin  No.  90.  Some  Graphical  Solutions  of  Electric  Railway  Problems  by  A.  M.  Buck.     1916. 

Twenty  cents. 

*Bulletin  No.  91.  Subsidence  Resulting  from  Mining,  by  L.  E.  Young  and  H.  H.  Stoek.     1916. 
One  dollar. 

*Bulletin  No.  92.  The  Tractive  Resistance  on  Curves  of  a  28-Ton  Electric  Car,  by  E.  C.  Schmidt 
and  H.  H.  Dunn.     Twenty-five  cents. 

^Bulletin  No.  98.  A  Preliminary  Study  of  the  Alloys  of  Chromium,  Copper,  and  Nickel,  by  D.  F. 
McFarland  and  0.  E.  Harder.     1916.     Thirty  cents. 

^Bulletin  No.  94-  The  Embrittling  Action  of  Sodium  Hydroxide  on  Soft  Steel,  by  S.  W.  Parr. 
1917.      Thirty  cents. 

*Bulletin  No.  95.  Magnetic  and  Other  Properties  of  Iron-Aluminum  Alloys  Melted  in  Vacuo,  by 
Trygve  D.  Yensen  and  Walter  A.  Gatward.     1917.     Twenty-five  cents. 

^Bulletin  No.  96.  The  Effect  of  Mouthpieces  on  the  Flow  of  Water  through  a  Submerged  Short 
Pipe,  by  Fred  B.  Seely.     1917.     Twenty-five  cents. 

^Bulletin  No.  97.  Effects  of  Storage  upon  the  Properties  of  Coal,  by  S.  W.  Parr.     1917.     Twenty 
cents. 

^Bulletin  No.  98.  Tests  of  Oxyacetylene  Welded  Joints  in  Steel  Plates,  by  Herbert  F.  Moore. 
1917.      Ten  cents. 
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THE   UNIVERSITY   INCLUDES   THE  FOLLOWING   DEPARTMENTS: 

The  Graduate  School 

The  College  of  Liberal  Arts  and  Sciences  (Ancient  and  Modern  Languages  and  Liter- 
itures;  History,  Economics,  Political  Science,  Sociology;  Philosophy,  Psychology, 
Education;  Mathematics;  Astronomy;  Geology;  Physics;  Chemistry;  Botany, 
Zoology,  Entomology;  Physiology;  Art  and  Design) 

The  College  of  Commerce  and  Business  Administration  (General  Business,  Bank- 
ing, Insurance,  Accountancy,  Railway  Administration,  Foreign  Commerce; 
Courses  for  Commercial  Teachers  and  Commercial  and  Civic  Secretaries) 

The  College  of  Engineering  (Architecture;  Architectural,  Ceramic,  Civil,  Electrical, 
Mechanical,  Mining,  Municipal  and  Sanitary,  and  Railway  Engineering) 

The  College  of  Agriculture  (Agronomy;  Animal  Husbandry;  Dairy  Husbandry; 
Horticulture  and  Landscape  Gardening;  Agricultural  Extension;  Teachers' 
Course;  Household  Science) 

The  College  of  Law  (three  years'  course) 

The  School  of  Education 

The  Course  in  Journalism 

The  Courses  in  Chemistry  and  Chemical  Engineering 

The  School  of  Railway  Engineering  and  Administration 

The  School  of  Music  (four  years'  course) 

The  School  of  Library  Science  (two  years'  course) 

The  College  of  Medicine  (in  Chicago) 

The  College  of  Dentistry  (in  Chicago) 

The  School  of  Pharmacy  (in  Chicago;  Ph.  G.  and  Ph.  C.  courses) 

The  Summer  Session  (eight  weeks) 

Experiment  Stations  and  Scientific  Bureaus:  U.  S.  Agricultural  Experiment 
Station;  Engineering  Experiment  Station;  State  Laboratory  of  Natural  His- 
tory; State  Entomologist's  Office;  Biological  Experiment  Station  on  Illinois 
River;  State  Water  Survey;  State  Geological  Survey;  U.  S.  Bureau  of  Mines 
Experiment  Station. 

The  library  collections  contain  (March  1,  1917)  387,442  volumes  and  93,501  pam- 
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